We describe our experience with a quality-assessment scheme for Glucometer users in General Practice based on simultaneous blood samples taken on filter paper strips and posted to the laboratory. The accuracy of results from these blood glucose meters outside the laboratory was below generally accepted laboratory standards; 30% of results fell outside ± 20% of the laboratory value.
SUMMARY.
We describe our experience with a quality-assessment scheme for Glucometer users in General Practice based on simultaneous blood samples taken on filter paper strips and posted to the laboratory. The accuracy of results from these blood glucose meters outside the laboratory was below generally accepted laboratory standards; 30% of results fell outside ± 20% of the laboratory value.
Only 58% of the filter paper strips sent out were returned for analysis, suggesting a lack of awareness of the benefits and importance of such a scheme by the G.P. Glucometer users.
In recent years there has been an increase in the availability of analytical instruments specifically designed for use outside the Clinical Biochemistry laboratory. 1 In particular, there have been many reports on the value of blood glucose measurement in the diabetic clinic,2 in General Practice" and in the horne."
Evaluation of dry reagent chemistry systems used with reflectance meters in the laboratory environment has indicated that they perform as well as conventional 'wet chemistry systems'.5,6 There are reports however, suggesting that analytical performance is not good when the meters are used outside the hospital laboratory. 5, [7] [8] [9] As a result of the growing concern among clinical and laboratory staff about the performance of assays outside the laboratory, several groups have established quality-assessment (QA) schemes." 10 These studies involved the regular distribution of either commercial freeze-dried sera'? or glucose solutions in benzoic acids to users of glucose meters. The results are compared with those obtained on identical samples analysed in the laboratory.
The aim of our study was to assess the feasibility of using filter paper blood spots posted to the laboratory!' for assessing meter "Present address and address for correspondence: Endocrine Unit, Department of Medicine, Royal Postgraduate Medical School, Hammersmith Hospital, London W12 OHS, UK. 148 performance. This approach reduces the cost of providing QA specimens, overcomes the problems of transporting liquid specimens by post, and enables the use of whole blood as QA material.
Methods
Sixteen General Practices in the Cambridge and Huntingdon Health Authorities, already taking part in a 'diabetes shared care scheme', volunteered to participate in the study. They all had some previous experience of using Ames Glucometers with Dextrostix. They had previously participated in a pilot study of diabetic community care and the quality-assessment scheme using glucose solutions.i Each practice was sent a boric acid impregnated filter paper strip every month for 5 months. The strip was sent with a plastic bag, an instruction sheet and a stamped addressed envelope in which to return the strip to the laboratory. They were asked to collect a filter paper blood sample simultaneously with a Dextrostix sample and record the Glucometer reading on the filter paper strip. A maximum of 12 spots could be collected on each strip. When the strips were not in use they were to be stored in the plastic bag in a refrigerator. At the end of 2 weeks or when 12 spots had been collected, the strips were posted back to the laboratory for analysis. It had been shown in a previous study that the blood glucose dried in a spot on boric acid- impregnated filter paper was stable for at least 10 days when stored at 4 cC. 11 On arrival in the laboratory, blood glucose in the filter paper spots was assayed using a glucose dehydrogenase method.F A 6 mm diameter disc was punched from the centre of each blood spot and eluted with 400 ILL of 2·5% TCA. After 30 min elution time, glucose was assayed in the elutant using a GDH method (Merckotest kit cat. no. 25244, BDH Chemicals, Poole, Dorset, UK) modified for use on the IL Multistat III centrifugal analyser.
Results
At the outset of the study a comparison of results was undertaken for the measurement of
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blood glucose by the Glucometer and filter paper system by one trained member of the laboratory staff (r=0'90; y= 1·06x-0·05)Y The frequency with which filter papers were returned by the General Practice centres is shown in Table 1 and indicates that only 58% responded. Despite the provision of an extensive instruction sheet and the presence of marked circles on each filter paper strip to demonstrate the size of spot required, 26% of the spots returned were unsuitable for analysis.
A total of 219 spots were considered to be suitable for analysis. Comparison of the Glucometer results obtained by the user with the result obtained from the filter paper spot (Fig.  1 ) indicated that 55% of the results were outside ± 10% of the laboratory results; 30% of results were outside ± 20% of the laboratory result and at least seven of the results (circled) could be classified as gross blunders, in that they could have led to an incorrect clinical decision.
An adequate number of spots were returned from 11 machines in use in nine centres for linear regression analysis to be performed on the results (Table 2 ).13Despite all these centres having r values greater than 0,82, the slope and intercept of the regression lines varied greatly between the different centres, implying that there was no consistent error between the Glucometers and the laboratory results. This observation is also borne out in the overall distribution of results in Fig. 1 .
Discussion
It has been suggested that wherever practicable external quality-assurance schemes should be set up when analyses are performed outside the laboratory. 14 Our study using filter paper blood spots posted to the laboratory demonstrates one approach to the establishment of such a scheme. This approach overcomes the prob-lems of transportation of liquid specimens by post. Using whole blood as the QA material circumvents previous observations of the disparity between spreading characteristics of blood and aqueous glucose solutions on the reagent strips."
The concept of quality control and quality assurance in laboratory practice has evolved over the last two decades and has done much to improve performance standards in both precision and inter-laboratory comparability of results. The devolution of analytical tests to a new environment would suggest that the experience of quality control and assurance in laboratory practice should be incorporated into extralaboratory analytical practice.
The advantages of home blood-glucose monitoring to the patient have been emphasised by various authors.": 15 General Practitioners have also reported the advantages of a rapid bloodglucose result in earlier diagnosis and prompt adjustment of treatment.' These advantages can only be fulfilled if accurate results are obtained by the users of glucose meters.
One of the major advantages of improvements in analytical performance within the laboratory has been the opportunity to critically review the clinical value of diagnostic tests and determine the quality of results required to give meaningful information. This is important if blood glucose measurements performed outside the laboratory are to be used in the management of diabetes, since previous experience has been based on laboratory analysis.
This study has confirmed previous reports that the present measurement of blood glucose outside the laboratory, using reagent strips and meters, is below the standard of performance generally obtained in the Clinical Biochemistry laboratory. A previous investigation in this laboratory used within ±2 SD of the laboratory result as an indicator of good performance.f In this study we used within ± 10% of the labora-tory result and despite the use of this less stringent criteria a large number of results could be considered as unacceptable. Further detailed comment on the quality of performance must await guidelines on acceptable performance based on clinical criteria. Petranyi et at. M undertook a similar study to this one, using 24 patients with at least 1 year of experience with a reagent strip system, and concluded that a quality-control scheme was important for patients monitoring their blood glucose levels at home. Wing 9 in a study of 21 well-motivated families showed that 10 families could achieve over 80% accuracy in their analyses; however, eight families could produce only up to 60% accurate results.
In all of these studies the participants, whether patients or health centre nurses, have all had reasonable experience with the systems employed; furthermore a filter paper system has been used for collection of blood samples. The performance of this blood collection system in a laboratory environment has been validated'? as has the performance of the reagent strip/meter system. 5. b The incorrect application of blood to either system will produce erroneous results and to this extent good comparability of results requires a satisfactory technique for both. As far as is possible incorrect application of blood to the filter paper has been eliminated from this study by rejection of the sample if the spot has not impregnated (visible on both sides) the circle on the filter paper. The performance may therefore be considered to reflect poor performance in use of the reagent strip system.
Our experience would suggest that a greater dialogue is needed between the system user, the clinician responsible for the patient and the laboratory. This study has demonstrated the need to make analysts aware of the importance of external quality-assessment schemes.
We feel that the use of filter paper strips provides a convenient way of establishing an EQAS for users of glucose analyses outside the laboratory. The provision of such a scheme will enable the Clinical Biochemistry laboratory to act as a liaison and reference point for external analytical activities.
